We present an extensive survey of the chromospheric and coronal activity among low-mass members of the Hyades open cluster. We have obtained Ha spectroscopy of 91 probable cluster members, including 23 that lie within three fields for which we have deep ROSAT X-ray observations. 20 of the 23 stars are detected in X-rays; the non-detections are probably not Hyades members. Combining these observations with data from the literature, we find that the mean Ha to bolometric luminosity ratio log (L Ha /Lboi) i s constant at a value of 3.9 for M bol >8, with a substantial dispersion and an upper limit of -3.5. The X-ray to bolometric luminosity ratio log (L x /L bol ) first increases with increasing M bol , then flattens at a value of 3.3 for M bol > 8. Comparing this behaviour with stars in the Pleiades cluster, there are significant differences: first, the log (L Ha /L bol ) ratio increases with increasing M bol while M bol <10, but appears to turn over sharply at fainter magnitudes, with the lower luminosity stars being nearly an order of magnitude lower in the ratio; secondly, we find no evidence for saturation in the log (L x /L bol ) ratio; L x increases monotonically with M bol , reaching a value of 2.5 at M bol -10. Lower luminosity stars have not yet been detected in X-ray observations. The nearly constant Ha to H/Î ratio in the Hyades stars, coupled with the small range in coronal temperature seen in the X-ray data, suggest that the (presumably magnetically generated) heating rate is nearly constant in the outer atmospheres of these stars. Differences in the relative activity levels are then ascribed to differences in the filling factor of active regions, and in the sizes of the coronal structures.
INTRODUCTION
An important characteristic of M-dwarf stars is the nearuniversal appearance of surface magnetic activity, as manifested by non-thermal emission produced in a hot outer atmosphere. Chromospheric activity is evidenced by the appearance of Can and, in the later type stars, hydrogen Balmer lines in emission, while one of the more surprising results from the first extensive X-ray surveys by the Einstein satellite was the strength of the emission from hot coronae in the low-mass K and M main-sequence stars (Vaiana et al. 1981) . Amongst the more massive F, G and K dwarfs, the driving mechanism is generally held to be a solar-like dynamo operating at the radiative-convective boundary (Hartmann & Noyes 1987) , a hypothesis supported by the * Visiting Research Associate, The Observatories of the Carnegie Institution of Washington. tHubble Fellow. correlation between enhanced activity and rotation (Kraft 1967) . Combined with empirical rotation-age relations (due to loss of angular momentum as stars evolve on the main sequence), this leads to the well-known rotation-age-activity relations (Skumanich 1972 , but see also Simon 1992) .
The situation, however, is less clear for the lower mass M dwarfs. Joy & Abt (1974) first demonstrated that the proportion of stars exhibiting Balmer line emission (type dMe) increases towards later spectral types. This prompted the suggestion that stellar mass was the dominant factor governing activity, perhaps through changes in the interior structure with the increasing importance of convection. A competing effect is that the decreasing photospheric temperature with decreasing mass reduces the continuum flux at visual wavelengths, which leads to increased prominence of the chromospheric emission. In contrast to the optical data, the results from X-ray surveys (particularly the Einstein j HE AO-2 data) are often interpreted in terms of there being a significant decrease in activity amongst the same late-type stars, with the coronal X-ray flux dropping by an order of magnitude (and with considerable scatter about the mean relation) between spectral types MO and M5 (Fleming et al. 1988) . Moreover, there have been suggestions that there is a sharp decline in activity at the point where the stars become fully convective (Bookbinder 1985; Barbera et al. 1993) , as predicted by the electrodynamic coupling theory of coronal heating developed by Mullan (1984) . Fleming et al. (1993) , however, have analysed ROS AT observations of a larger sample of low-mass field stars, and argue that there is no evidence for a significant decrease in their relative X-ray emissivity, i.e. (L x /L bol ), at least for masses above ~ 0.1 M 0 .
In any event, mass is not the only factor involved. Giampapa & Liebert (1986) surveyed a small sample of very low-mass (VLM) dwarfs (drawn, primarily, from proper motion surveys) and found that six of the 13 stars fainter than M v = +16 have weak or no Ha emission. Similarly, recent observations of a comparable sample by Reid, Tinney & Mould (1994, hereafter RTM) show no emission in five of 18 stars with M hol > 12. The stars without emission tend to have relatively high space velocities, leading Giampapa & Liebert to suggest that the degree of chromospheric activity is age-related, in the sense that the older (higher velocity) stars are less active. Stauffer & Hartmann (1986) conducted an extensive survey of nearby early-type M dwarfs, and concluded that rotation was the critical factor -nearly half of the dMe stars had rotation velocities of at least 10 km s" S as compared with only one or two of the inactive stars. Thus, if M dwarfs lose angular momentum and spin down with time, one recovers the age correlation deduced by Giampapa & Liebert. However, while dMe stars apparently tend to be faster rotators than their dM counterparts, there is no simple correlation between the degree of activity and rotation rate (a correlation that is observed amongst earlier spectral types), prompting suggestions of a saturation in the activity level (Vilhu & Walter 1987; Herbst & Miller 1989; Stauffer et al. 1991a, hereafter S91) . Moreover, it should be emphasized that the emission-line stars are only fast rotators in a relative sense -only six of the 26 dMe stars in the Stauffer & Hartmann sample have rotational velocities of more than 10 km s -1 , while Marcy & Chen (1992) found that only five of their 47 M dwarfs had sin / > 3 km s" ^ Thus, if rotation is the driving mechanism, the triggering of chromospheric activity is sensitive to rather small changes.
The most effective means of determining the form of a possible age-activity relation is to observe stars of known age, a requirement best fulfilled by studying nearby open clusters. Stauffer & Hartmann (1987) have shown that in the Pleiades (age~ 70 Myr according to the Mermilliod 1981 scale) Balmer emission starts to become detectable at (R-/) k = 0.45 [where (R -I) K is on the Kron system -the corresponding colour is (R -7) c = 0.59 on the Kron-Cousins system (Bessell & Weis 1987) ]. By (R-/) K = 0.51 [(R-/) c = 0.67], every cluster member has detectable emission. In the older Hyades ( ~ 600 Myr), the corresponding colours are (R -/) K ~ 0.6 and 1.1 -that is, the threshold of detectability of H a emission and the point at which every star shows emission lie at redder colours (lower luminosities) in the older cluster. Finally, the low-mass stars in a Persei, a cluster -20 Myr younger than the Pleiades, are on average slightly more active than Pleiads of similar spectral type (Prosser 1992) . The question of rotation-activity relations is Activity in low-mass Hyades dwarfs 829 also addressed in the clusters. Soderblom et al. (1993) have shown that if one calculates a Rossby number (allowing for mass/radius-dependent effects), there is a correlation between the degree of activity and rotation amongst the Gand K-type Pleiades dwarfs. However, as in the field, the lower mass M dwarfs show no quantitative correlation between the degree of activity and the rotational velocity (mass/radius effects being negligible in these stars).
Of these three nearby clusters, a Persei has received little attention, since it lies within 7° of the Galactic plane. Both the Pleiades and the Hyades have been studied extensively (Stauffer 1984; S91; Leggett, Harris & Dahn 1994, hereafter LHD; Stauffer et al. 1994b, hereafter S94) , with recent proper motion surveys extending the catalogue of known members to M v~ 13.5 in the Pleiades (Stauffer et al. 1991b) and to M v >15 in the Hyades (Reid 1992, hereafter R92) . With the launch of the ROSAT satellite, these lower mass stars have become accessible to X-ray observation. Stauffer et al. (1994a) have carried out a thorough survey of the central regions of the Pleiades, while Stern et al. (1992 Stern et al. ( , 1994 and Pye et al. (1994, hereafter PHSS) present observations of the central region of the Hyades.
Our goal is to determine how the coronal (X-ray) observations are correlated with chromospheric activity in the lowmass stars in these clusters, in order to define more accurately their basic emission properties as a function of age and mass. We have obtained ROSAT pointed observations of three fields towards the Hyades, chosen to maximize the number of low-mass members from the R92 proper motion survey. We also have optical spectra for all of the stars in our three fields, as well as data for most of the M dwarfs in the PHSS sample. From these observations we determine the level of chromospheric Ha (and, in most cases, Hß) emission. In the following section, we describe our Hyades observations; in Sections 3 and 4, we discuss our coronal and chromospheric results, respectively; and, in Section 5, we compare our Hyades results with previous observations of the Pleiades, and summarize our findings.
OBSERVATIONS
The Hyades cluster lies at an average distance of 48 pc (Schwann 1991), but the individual members can be found up to 10-12 pc (15° in projection) from the cluster centre. As a result, there is a very low contrast between cluster members and the general field -indeed, the faintest known Hyads (F~ 19-20) are outnumbered more than 1000 to 1 by field stars of similar magnitudes. Fortunately, the space motion of the cluster (47 km s -1 ) is sufficiently high that accurate proper motion surveys can be used to segregate the members from 95 per cent or more of the general field. However, there is still contamination from higher velocity background stars, so accurate, long-baseline (in colour) photometry is essential to differentiate between genuine lowmass Hyads and brighter, but more distant, K and early-M field dwarfs. We have completed a proper motion survey covering 110 deg 2 and extending to V~ 19.5 (R92), identifying 411 candidate Hyades members amongst the -400000 field stars. We have also obtained follow-up VRI photometry of all of the fainter ( V> 14) candidates; when combined with photometry drawn from the literature, this reduces the 830 N. Reid, S. L. Hawley and M. Mateo sample to 231 highly probable members with 10 < F<19.5 (Reid 1993) .
Analysis of the proper motion data shows that significant mass segregation is present in the Hyades, with the lower mass M dwarfs spread over a wider area than the brighter cluster members. As a result, previous X-ray surveys of the Hyades, which concentrate on the cluster centre (PHSS; Stern et al. 1994) , include relatively few late-type stars. Our ROS AT observations maximize coverage of these low-mass members. We have optical spectra for all of the M dwarfs in our field, as well as for a subset of the PHSS sample, bringing the total number of M dwarfs with both optical and X-ray data to 34 and extending to ~ 13.5.
Optical spectroscopy
The majority of our spectroscopic observations were made during 1991 October 16-18, using the double spectrograph (Oke & Gunn 1982) on the Hale 5-m telescope. We utilized a 600 line mm -1 grating in the blue camera, with the wavelength range centred onHß, giving 1.1 À pixel -*, and a 1200 line mm -1 grating gave 0.7 Â pixel -1 at H in the red camera. The detectors in both cameras were 800 x 800 format TI CCDs. A few stars were observed on 1992 September 20 and 1993 January 21 using the same spectrograph, but with the blue camera centred on Ha, again with a dispersion of 0.7 Âpixel -1 . Finally, a few of the brighter Hyads (V< 15.5) were observed using a spectrograph on the Palomar 60-inch telescope (McCarthy 1985) . The 60-inch spectrograph was designed as an echelle, but can be used as a moderatedispersion long-slit device by removing the cross-disperser. As in the double spectrograph, the detector is an 800 x 800 format TI CCD, and we observed the wavelength range 226200-7500 Â at a dispersion of 1.7 Á pixel -^ We have set our observations on to a relative flux scale using observations of white dwarf stars from Oke (1974) , allowing us to convert the equivalent width of the Ha and H/? emission to flux units. The observations were made using a relatively narrow slit (typically 1.5 arcsec in ~ 1-arcsec seeing), and intercomparison of the standard shows that there are uncertainties of 10-15 per cent in the calibration. The observing conditions were photometric in 1991 October and 1992 September, but the other observations were affected by cloud. We have VRI photometry of all of the Hyades candidates, and Fig. 1(a) plots the measured continuum flux at 26550, adjacent to Ha, against the Rband flux measurements. The latter are based on a flux zeropoint of 0 mag = 2750 Jy (Reid & Gilmore 1984) . The data are well fitted by the relation F c =1.45 F R , and we have used this relation to calibrate the spectra obtained through cloud.
Instrumental problems (condensation on the Fabry lens) hampered our observations with the red camera during part of the night of October 17. We have re-observed all save one (RHy 199) of the stars observed on that night. Fig. 1(b) shows that there is a good correlation between the flux emitted at Ha and Hß for the low-mass Hyades stars, with F Ha ~ 4.6 x F Hß ; we have used this relation to estimate the Ha flux for RHy 199. All of our observations, with the appropriate qualifiers, are listed in Table 1 .
There have been many previous spectroscopic observations of low-mass Hyades dwarfs, notably by Stauffer (1982a,b) , S91, S94 and LHD. Considering only stars with Ha in emission, we have observations of 19 stars in common with S91, eight with S94, and six in common with LHD. Table 2 compares the previous equivalent width (EW) measures with our observations, which are larger on average than the S91 and S94 values, with a mean difference (excluding RHy 240B, where our measurement is uncertain) of AEW= 0.6 ± 0.8 Â. A comparison of our results with the LHD data, which have similar resolution to our own observations, gives a mean difference of A£W = 0.5 ± 1.1 Ä. This may partly reflect differences in continuum placement. However, Balmer emission is known to vary with time in late-type dwarfs, and this variation is likely to be the primary contribution to the observed differences. We note that there are duplicate observations of two emission-line (and two Ha absorption) stars in S91 (the stars were listed twice under different names, e.g. G7-204 = L40), while vA 45 (RHy 100) was measured in both S91 and S94; the individual EW measurements differ by up to 1.1 Â (Table 2) . Similarly, S94 list two observations of RHy 240A with EW of 5.4 and 8.5 Â, and we have several observations of the nearby latetype dwarf G1 866 (M k =15.0) where the Ha EW varies from 5.2 to 8.1 À. Given this intrinsic variability, and given that we are concerned mainly with relative differences within our sample, we have not attempted to use the offsets to transform all of the data on to a common system. However, the possibility of small systematic differences between our values and some of the previous observations should be borne in mind.
ROSAT imaging
The X-ray observations were obtained with the ROSAT X-ray telescope (Trumper 1983) , using the position-sensitive proportional counter (PSPC) detector (Briel & Pfeffermann 1986) . Three pointings were made, each covering a circular field of ~1° radius, although the outer regions of the field are vignetted. 28 candidate Hyades members from R92 fall within these fields; five have subsequently been found to have VRI photometry inconsistent with membership (R93), leaving 23 probable Hyades members.
The X-ray fields are uncrowded, and so the source detection and measurement was straightforward. Each Hyad position was measured using a circular aperture of 1.5-arcmin radius relative to an adjacent background annulus with outer radius 2.5 arcmin. In the vignetted portions of the detector, the point spread function is considerably broadened and thus larger apertures, up to ~ 3 arcmin, were necessary. All count rates were corrected to the 'on-axis' values by using the relative exposure times obtained from the standard processing exposure maps. Our final measured count rates were in good accord with those given in the standard processing output from the ROSAT Data Center. In addition to the known Hyades stars, we have detections of a further 16 X-ray sources in these three fields. We have cross-checked the positions of these sources against our Schmidt plate data, and, while a number have optical counterparts, none have proper motions within 0.05 arcsec yr -1 of the Hyades cluster, and none are likely to be previously undetected Hyads.
The X-ray results for the R92 Hyades candidates are shown in Table 3 for include even those RHy stars which have subsequently been found to be non-members. For each star we give the bolometric magnitude (as in Table 1 ), the measured PSPC count rate and hardness ratio HI, the X-ray flux determined using a conversion factor of 6 x 10" 12 erg cm -2 count -1 (appropriate for a soft coronal source -Fleming et al. 1993; PHSS) and the ratio log(L x /L bol ). We also show whether we detected Ha emission from the star. Stars which were vignetted, and hence have uncertain flux measurements, are duly noted. Our field B observations are based on three separate exposures (of 11, 13 and 17 ks), and the uncertainties in the count rates derived from intercomparing the three independent exposures are consistent with the internal estimates. We have averaged the three observations to give the results listed in Table 3 .
Three of the 23 stars which have photometry [ V, ( V-/)] consistent with Hyades membership are not detected: RHy 114,120 and 327. RHy 327 falls in a highly vignetted part of our ROSAT field B, lying both 40 arcmin from the field centre and close to two of the radial struts. The measured count rate at the optical position is (0.1 ± 1.5) x 10 -3 count s -1 . RHy 114 is also near the edge of the ROSAT field (in this case, our field C), lying 42 arcmin from the centre. The measured count rate at the optical position is Table 1 The absolute visual magnitude is based on the distance derived from the proper motion component directed towards the convergent point (R92). The K / photometry is from R93 and is on the Kron-Cousins system. Bolometric magnitudes have been computed using the bolometric correction, BC h shown in Fig. 3 .
EW Ha and EW Hß are the equivalent widths measured for Ha and H/3, respectively, with negative numbers implying absorption. F» a and F H ß are the corresponding line fluxes in erg s \ scaled by a factor of 10 15 and computed only for lines in emission. The method of calibrating the latter is indicated by the parameter t c , listed in column 9: 1 -direct calibration of F Ha using the spectroscopic flux standards; 2 -calibration of the continuum flux using R-band photometry; 3 -estimated flux based on the H/? line strength.
None of the stars listed as non-members [on the basis of the (V-I) colours] exhibits Balmer emission, and we have listed in column 9 the proper motion membership probabilities for stars with colours consistent with the Hyades main sequence (Fig. 2) but with Ha in absorption.
( -3.2 ± 6.6) x 10 -4 count s" ^ Finally, RHy 120 lies close to the centre of field C, and we measure a count rate of (3.2 ± 3.9) x 10" 4 count s -1 . We list the 3a upper limits for these three stars in Table 3 . None of them shows Ha in emission, suggesting that all are likely to be non-members of the Hyades, despite having both astrometric and photometric properties consistent with membership (see Section 4 below). We have not included these stars in any further analysis.
One further X-ray source requires special mention. RHy 138 and 139 lie only 2 arcmin apart and have M bol = 11.4 and 4.4, respectively. RHy 138 has strong Ha emission, while RHy 139 (vB 22) is one of the more luminous (Mp/=4.8) cluster members and has no Ha emission. The measured position of the X-ray source lies 145 arcsec from RHy 138 and 50 arcsec from RHy 139. It is probable that both stars contribute X-ray flux, although we have listed the source as associated with the closer star (RHy 139) in Table  3 . A High Resolution Imager (HRI) observation would allow this uncertainty to be resolved.
CORONAL X-RAY EMISSION
We examine the properties of the coronal X-ray emission in more detail using the hardness ratio, H1 = (B-A)/{B + A), Activity in low-mass Hyades dwarfs 833 where A and B are the 'soft' (0.14-0.42 keV) and 'hard' (0.52-2.01 keV) bands, respectively. HI thus gives a measure of the hardness of the X-ray spectrum, with larger (positive) numbers being harder. A relationship between HI and the coronal temperature can be calculated using Raymond-Smith, single-temperature coronal plasma models. Such a relationship has been calculated using xsPEC at MPE, and was kindly provided to us by T. Fleming (private communication). Table 3 shows that HI varies between ~ 0.0 and -0.5 for these Hyades stars, which corresponds to a rather small range of coronal temperatures between 2 x 10 6 and 4 x 10 6 K. Since most late-type dwarfs show a range of coronal temperature when a true differential emission measure analysis is performed, these temperatures should be regarded as only suggestive. Nevertheless, it is of interest to determine whether even this rough temperature estimate correlates with other stellar properties, since the Hyades stars are coeval and have the same abundance, thereby removing two of the parameters that might contaminate any correlation.
In Figs 2(a)-(c), we show M bol , log(L Ha /L bol ) and log(L x / L bol ), respectively, versus the hardness ratio HI. There seems to be no obvious correlation in any quantity, indicating that the coronal temperature is not strongly tied to either the mass (photospheric temperature) of the star, or to the relative activity level, either coronal or chromospheric. Fig. 2 (c) might be suggestive that, with the exception of a few outliers, there is a weak correlation in the sense that stars with higher log(L x /L bol ) (i.e., stars that are relatively more active) have somewhat harder spectra. Support for such a correlation can be found in Fleming et al. (1994, in preparation) , who show that the appropriate conversion factor to use when computing X-ray flux from count rate follows a linear relation in HI, with harder spectra (larger HI) requiring a larger conversion factor (hence giving more X-ray flux per count, or ultimately larger L x ). Amongst more massive stars, Caillault et al. (1993) have shown that the more active G dwarf Pleiads have harder spectra than the less active stars. Our data are by no means conclusive; high-quality X-ray spectra are required to provide a real test of this possibility.
In summary, our X-ray data are consistent with all lowmass Hyads having a rather small range of coronal temperature which is uncorrelated with other stellar properties.
CHROMOSPHERIC H a EMISSION
S91 demonstrated that Ha starts to appear in emission amongst Hyades stars at a colour of (R-/) K~0 .6 [(R-/) c = 0.78 or M v~1 .5]. They attribute the onset of emission at a redder colour in the older Hyades than in the younger Pleiades to the longer spindown time of low-mass stars, which results in the low-mass stars maintaining adequate rotation velocity to produce strong magnetic activity for a longer time. (Note that the rotation velocity necessary to produce activity is also likely to be smaller in these stars, as in the field -see previous discussion in the introduction.) Our observations are of insufficient resolution to address the matter of the rotational velocities, but our data increase substantially the sampling of low-mass Hyades stars. Combining our observations with those in S91 and S94, we now have Ha spectroscopy of 88 Hyads (excluding RHy 114, 120 and 327 as likely non-members) fainter than The Ha data are shown first in Fig. 3 as the oft-used plots of Ha EW versus (a) M v and (b) ( V-1) colour. The magnitudes and colours are taken from the FR/ photometry listed in R93 [note that ( V-1) R93 is essentially the same as ( V-1) Cousins], and the absolute magnitudes are computed from distances derived from the proper motion component directed towards the Hyades convergent point, /¿ u (R92) -that is, we determine individual distances for each star, rather than adopting a mean value for the cluster. Emphasizing the S91 results, there are only four stars (RHy 14, 135, 209 and 225) in the current sample which are both fainter than M k =10 and have Ha in absorption. Some of these stars (and the two similar stars in S91, namely RHy 211 and 357) may be misclassified field stars, but only one (RHy 209 - Table 1 ) has a low membership probability. The remaining five stars have membership probabilities of at least 75 per cent. The faintest of the five, RHy 225 at M v = 12.0, has a membership probability of 80 per cent. Cram & Mullan (1979) originally demonstrated that chromospheric activity leads to increased Balmer absorption before emission starts to fill in the line profile, so these Ha observations are not necessarily inconsistent with Hyades membership. Fig. 3 , however, provides strong circumstantial evidence for using the presence or absence of H a emission as a membership criterion amongst the later type {M v > +13) M dwarfs. In corroboration of this, we note that none of the stars listed in Table 1 as non-members [on the basis of ( V-1) colours] has H a in emission.
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Activity in low-mass Hyades dwarfs 835 Two stars in the S94 sample require special mention. RHy 110 has a radial velocity of 54 km s -^ 2 a from the Hyades velocity, and relatively weak Balmer emission, and S94 suggest that the star may be a non-member. We note that the star lies approximately 0.5 mag below the main sequence and has a membership probability of only 8.6 per cent. Secondly, we listed RHy 131 as only a possible Hyades member in R93 since, while the proper motion implies a membership probability of 57 per cent, the ( V-I) colours place the star 0.4 mag to the blue of the Hyades main sequence. However, the star does have H a in emission, and a radial velocity in good accord with the Hyades space motion. Our photometry was obtained in conditions of very poor seeing (5 arcsec), which may account for the discrepancy.
Considering the sample as a whole, there is a substantial range in the emission properties both as a function of luminosity (M v ) and of temperature [(V-I) colour]. As discussed by PHSS, chromospheric activity tends to be enhanced in the close binary systems. Also, several of the more luminous (M (/ < 9) dMe/dKe stars lie above the main sequence, but there is no significant correlation between the EW of Ha and the offset from the best-fitting [M v , ( V-/)] relation.
Plotting the EW does not allow for the increased contrast between the Balmer lines and the continuum at Â6500 as the photo spheric temperature decreases and the peak of the flux distribution shifts to longer wavelengths. A better comparison is between the chromospheric luminosity (as traced by L Ha ) and the bolometric luminosity. To derive the latter for M dwarfs demands infrared observations, which are available for only a few Hyades stars. However, we can derive bolometric corrections from the broad-band 836 N. Reid, S. L. Hawley and M. Mateo BVRIJHK photometry of nearby stars compiled by Leggett (1992) , using blackbody relations to extrapolate the contribution longward of 2.2 pm. Temperatures for the Planck functions (which are limited to >2200K) were estimated from the relation r eff ~ 4440 -442 x ( V-1) defined by the stars observed by Berriman, Reid & Leggett (1992) . With our blackbody approximation, approximately 15 per cent of the total flux is contributed at these infrared wavelengths at ( L-/) = 2.1, and ~ 35 per cent at ( F-/) = 4.0.
This technique is obviously a simple approximation to the complicated flux distributions of these late-type stars (e.g. Allard 1990 ). However, while there are significant differences in the effective temperatures derived for M dwarfs using different methods (Reid & Gilmore 1984; Bessell 1991; Stringfellow 1991; Berriman et al. 1992) , the bolometric magnitudes seldom disagree by more than 0.05 mag. Moreover, our main concern is a relative ordering of the stars in the current sample, so systematic differences with other analyses are not as important for present purposes. The bolometric corrections derived using this simple blackbody method are shown in This relation agrees to within 10 per cent with that derived by Monet et al. (1992) .
We have used the same method to derive bolometric corrections for the RHy stars with JHK photometry in Leggett & Hawkins (1989) , and these data are also plotted in Fig. 4 . The agreement is reasonable, and we have used the above relation to compute the bolometric magnitudes Usted in Table 1 . The distances for the individual stars are again based on the individual tangential motions, and the observed fluxes converted to Ha luminosities using the appropriate geometric scaling. Fig. 5(a) shows the ratio log (L Ha /L vis ) versus M v , and Fig.  5(b) shows the ratio log(L Ha /L bol ) versus M bol . The visual luminosity was calculated using a flux zero-point of 3640 Jy (Bessell 1979 ) and a 1000-Â effective bandpass centred at A5500Â. The log(L Ha /L vis ) ratio tends to increase (with significant scatter) with increasing (fainter) M v , and the Ha luminosity reaches almost 10 per cent of the total F-band luminosity for the faintest stars. However, this reflects the decrease in the total fraction of the energy emitted at visual wavelengths in late-type dwarfs, rather than an increase in L Ha . The ratio log(L Ha /L bol ) shows no significant trend with M bol and a substantial dispersion in the stellar emission properties at all luminosities. Table 4 shows that the data are consistent with a constant {L Ha /L bol ~ 1.4 x 10" 4 [log(L Ha / ^boi)] = "3.9}. Fig. 5 (b) also suggests an upper limit to the lo g\ L wal L bo\) ratio of ~ -3.5.
DISCUSSION
Previous studies of the X-ray properties of low-mass Hyades stars (Micela et al. 1988; Stern et al. 1994; PHSS) consider the behaviour at high energies separately from the general stellar characteristics. Moreover, the relatively low sensitivities of previous surveys led to a significant fraction of an opticaUy defined sample remaining undetected. Thus X-ray luminosity functions could be constructed only by resorting to the use of statistical techniques designed to take into account stars 'detected' only as upper limits. Our observations (and the results of PHSS) show that this is no longer the case -86 per cent of the stars in our sample and 73 per cent of the PHSS stars are detected, and the non-detections can be ascribed to image confusion (RHy 138) or to nonmembership of the Hyades cluster. In addition, we have Ha data for 34 of the 46 M dwarfs in the two samples -all 23 stars in our sample, and 11 of the 23 M dwarfs with X-ray 1 1.5 2 2.5 3 3.5 4 4.5 5 (v-i) Figure 4 . The bolometric correction to M¡ plotted as a function of ( F-I) colour. The crosses represent nearby stars from Leggett (1992) , and the line is the best-fitting relation described in the text. The solid squares are Hyades stars from Leggett & Hawkins (1989) . detections in PHSS. Given this much higher degree of completeness, we have based our analysis on the stellar X-ray properties as a function of bolometric luminosity, rather than constructing X-ray luminosity functions in isolation from the optical data.
In Fig. 5 (c) and Table 5 , we show the ratio log(L x /L bol ) versus (M bol ). The ratio provides a measure of the relative contribution of the X-ray emission to the total luminosity from the star, in other words, a measure of the relative activity level, as in the Ha ratio shown in Fig. 5(b) . We note that by far the most active K dwarfs are the binaries, which approach the relative activity level of the much later M dwarfs. There is a general upward trend in the activity level toward later type stars, again with a large scatter. This is not a selection effect -as discussed in Section 2.2, only three of our M dwarfs are undetected by ROSAT, and they are probably non-members. Table 5 shows that the scatter about the mean relation is large enough that the data for M hol > 8 are consistent with a constant L x /L bol = 5 x 10~4 [log(L x /L bol )= -3.3], which is comparable to previous ROSAT results for the late field stars (Fleming et al. 1993) and Einstein results for early M dwarfs (Fleming et al. 1988) . The possible 'saturation boundary' at (L x /L boI ) = 10 -3 which is referred to in those papers is also seen in our Hyades results.
As noted previously (Fig. 5b, Table 4 ), L Ha /L bol also showed a large scatter about a roughly constant value as a function of M bol . Fig. 5(d) and Table 6 show, therefore, the expected result that L x and L Ha are correlated (with a large scatter), giving a mean relation L x ~ 4L Ha , for M bol ^ 8. The result is in good agreement with that for field M dwarfs from Skumanich et al. (1984) (L x ~ 5L Ha ), which gave a consistent fit to the data of Fleming et al. (1988) . The Hyades and the field, then, seem to show similar X-ray and Ha properties, with the notable difference that almost every M dwarf in the Hyades shows both H a and X-ray emission, while there are many non-emission stars in the field.
In Fig. 6 , we present the same relations as in Fig. 5 , but for the Pleiades, with X-ray data taken from the ROSAT observations of Stauffer et al. (1994a) . We have derived the Ha luminosities from the AE-band photometry and spectroscopic observations by Stauffer (1982a Stauffer ( ,b, 1984 and Stauffer & Hartmann (1987) , using a constant distance of 130 pc (van Leeuwen 1982) for all stars in the cluster. The Pleiades data are in sharp contrast to the Hyades (and field) results. Fig.   6 (c) shows that log(L x /L bol ) is strongly correlated with M bol , increasing monotonically toward later spectral type, with some scatter. Many stars appear above the nominal 'saturation boundary' at ~ 10" 3 . Fig. 6(d) shows that log(L x /L Ha ) is no longer constant, but also increases with M bo , up to values in excess of L x ~ 10L Ha . Figs 6(a) and (b) show a similar result; in Fig. 6(a) , \og(L H jL v ) rises monotonically and then levels off at M v~ 12.5, while in Fig. 6(b) , L Ha /L bol first rises from 6<M bol <10 and then drops precipitously for M bol >10. We discuss the M bol >10 Pleiads separately later in this section, and concentrate now on the Hyades stars and the Pleiads with M bol <10.
If we assume (as usual) that the chromospheric and coronal emission are produced in a magnetically heated outer atmosphere, then there are two principal factors which control the amount of emission we observe. These are the amount of heating per unit area and the area coverage (or filling factor) of heated regions. Our chromospheric data show a constant relation between Ha and H/? (Fig. lb) , and our coronal temperature indicator HI gave a small range of temperatures which were uncorrelated with M bol , so we surmise that the level of magnetic heating in our Hyades stars is essentially constant. By this we mean that the chromospheric and coronal emission is coming from atmospheric regions with similar temperature and density structure on all of the stars and not, for example, from regions with a larger heating rate in the brighter (hotter, more massive) stars. In addition, we know that this level of emission is not a 'saturated' level in the sense that the atmosphere could not respond to further heating: during flares, the Ha to H/3 ratio falls from a value of ~ 4 to nearly unity, while the coronal X-ray spectrum becomes much harder, with temperatures of some (10-20)xl0 6 K or more. Rather, the emission seen from the Hyades stars (which is also typical of active field stars) represents some equilibrium atmosphere where there is energy balance between the magnetic heating and the radiative cooling from Ha, X-rays and other coronal and chromospheric emission.
Since our data show that the heating rate is quite similar in these stars, the filling factor is probably responsible for the range in relative activity level seen as the scatter in Figs 5(b) and (c). In that case, the 'saturation boundary' of 3.5 seen in Fig. 5(b) (and in the field) would represent stars with maximum coverage of magnetic regions. Further, since the relative activity level is approximately constant, the fraction of the maximally covered star's luminosity which is directed into magnetic heating is also constant ( ~ 10~3 L bol ). Finally, the relatively lower X-ray emission seen in Fig. 5(c) for 5 < M bo , < 8 may be a result of the characteristic size of the coronal structures which are more compact on stars of higher mass, thus reducing the effective emitting volume even though the filling factor is the same.
Presumably, increased or stronger field generation increases the magnetic energy available for heating. The field generation and subsequent heating are thought to be controlled by an internal dynamo which may be driven by rotation, or at least differential rotation (cf. Parker 1955) . Conversely, the fields could be generated by turbulence, which may depend only weakly on rotation (Durney, De Young & Roxburgh 1993) . In any case, we stress again that many active M dwarfs have very low rotation velocities, and there is much interesting physics hiding beneath the simple identification of the 'saturation boundary' with 'rotation effects'. Two questions in particular come to mind:
( 1 ) why do changes in the available magnetic energy lead to changes in the filling factor rather than the heating rate, and (2) why does the heating rate not increase after the filling factor reaches its maximum value?
Turning now to the Pleiades, we note that, rather than a large scatter around a mean relative activity level, we see monotonie increases of both activity ratios with M bol , with rather small scatter. It is clear that a greater fraction of the bolometric luminosity is going towards magnetic heating in the low-mass Pleiades stars compared to the Hyades stars; that is, they are relatively more active at the same M bol , in both LjL boX and L Ha /L boI . We note that the maximum log L Ha /L bol value is still only 3.5, as in the Hyades and the field, while the logL x /L bol ratio extends to -2.5, well above the maximum field and Hyades values. If the limiting Hyades and field values truly represent the maximum filling factor state, then it may be that the heating rate has actually increased in these low-mass Pleiads. However, the larger LJ L bol ratio could also be explained by simply increasing the size of the coronal structures, which again increases the emitting volume without changing the stellar surface coverage (filling factor). Some support for this explanation is found in the LjL Ha ratio which is larger in the Pleiades than in the Hyades or field. It would be very valuable to have further diagnostics (Ha/Hß ratios, HI) for the Pleiades stars in order to distinguish these possibilities.
Finally, we comment briefly on the low-luminosity Pleiads (M bol >10) which have an order-of-magnitude lower Figure 7 . (a) The [M bol , (V-1)] colour-magnitude diagram for the Hyades. We have distinguished between stars with Balmer-line emission (filled symbols) and absorption (open symbols). The absolute magnitudes are calibrated from the ju u proper motions (R92). The fine is a bestfitting main-sequence relation from the nearby field stars. Circles refer to our observations, and triangles to data from S91 and S94. The filled squares with error bars show the positions of 0.2-and 0.1-M o stars according to the models of Burrows et al. (1993) . (b) The Pleiades colour-magnitude diagram -all data are from Stauffer & Hartmann (1987) and S94. We have transformed the (F-/)k colours to (F-/) c , using the relation given by Bessell & Weiss (1987) . L Ha /L bol ratio than the stars with 9 < M bol < 10. As discussed in S94, these may be very low-mass stars (M^O.l M 0 ) whose current PMS position in the HR diagram mimics higher mass main-sequence stars. We have illustrated this in Fig. 7 , where we show the predicted positions of 0.2-and 0.1-M o models (from Burrows et al. 1993 ) on HR diagrams of (a) the Hyades and (b) the Pleiades. Thus, although there are Hyads with M hol > 10, they have higher masses than the younger Pleiads, and one should not compare their relative activity levels.
Instead of comparing the Pleiads against the Hyades, Fig.  8 shows the H a activity plot for the low-luminosity Pleiads (closed triangles) and VLM field stars from RTM (crosses). The open circles show the projected position of the circled Pleiad when it reaches the main sequence if its Ha luminosity remains constant, and if it has a mass of 0.3, 0.2, 0.1 or 0.08 M 0 (using the Burrows et al. evolutionary tracks) . Note that the assumption that the H a luminosity is fixed is equivalent to assuming that the chromospheric energy budget is unchanged. This could occur, for instance, if the fractional area coverage of magnetic regions were to increase as the star contracts on to the main sequence. Accepting that speculative hypothesis, it is evident that, if the Pleiad is actually a 0.1-M o star, its main-sequence position will be consistent with the activity levels found in the Hyades and the field. On the other hand, if it is an even lower mass star, its H a luminosity must decrease from the present value if it is to fit into the general field population (except for the star PC 0025 + 0447, which has truly remarkable Ha emission). Thus the low L Ha /L bol values for the low-luminosity Pleiads may be ascribed to their relatively high bolometric luminosities for their actual mass, rather than to any change in the efficiency of producing Ha luminosity as a function of mass. We also point out that the low L Ha /L bol ratios for these stars are consistent with their being main-sequence disc field stars in the Pleiades line of sight. The radial velocity of the Pleiades is within 10 km s _1 of the mean velocity of the general field, while the proper motion vector is only 15° from the reflex solar motion, so the assignment of cluster membership is more problematic than in the case of the Hyades. Clearly, more observations are needed to determine the actual nature of the magnetic activity in the VLM Pleiads.
